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IIIVESTIGATIOTJ  OF  AH  AIR  COOLING  PROCESS 
FOR  STATIC  TRAIJSPOEJ.IERS . 

The  tendency  in  modern  practice,  towards  a  aiaall 
mimlDer  of  lar.'^e  generating  and  transforming  units,  rather 
than  a  large  number  of  smaller  capacitjr,  makes  the  necess- 
ity for  some  form  of  cooling  apparat\is  very  apparent.  Espec- 
ially is  this  true  in  transforming  apparatus.  It  had  been 
the  custom  formerly  to  use  a  large  number  of  small  trans- 
forners.  The  heat  due  to  the  losses  vias  then  easily  taken 
care  of  by  raaiation  from  the  transformer  case,  since  the 
radiating  area  of  tlie  case  ana  the  watts  to  be  dissipated 
were  within  a  reasonable  value.  The  advent  of  large  units 
has  maae  the  ratio  betv»'een  the  energy  to  be  dissipated  and 
the  radiating  surface  prohibitive,  so  that  some  auxiliary 
m.eans  of  cooling  must  be  employed.  Tv/o  methods  are  common, 
one,  the  vising  of  oil  to  surrouna  the  core,  the  heat  being 
removed  from  the  oil  by  means  of  streams  of  cooling  water 
pumped  through  coils  of  small  pipes  placed  in  the  oil. 
Another  and  m-ore  common  method  is  the  placing  of  the  trans 
form.er  over  tunnels  into  v.hich  a  fan  discharges,  allowing 
the  cooling  air  to  rise  through  the  transformer  dissipating 
the  energy  lost  in  heating,  and  thus  keeping  the  iron  and 
copper  at  any  oesii-ed  temperature  determined  by  the  amount 
of  air  sent  through.  It  was  upon  the  latter  type  of  appar- 
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atus  that  the  test  -vas  made. 

The  test  was  carried  on  at  the  Jackson  Boulevard 
Sub-station  of  the  Chicago  Edison  Company,  situated  in  the 
basement  of  tne  Railway  Eivchange  builaing.  At  this  time 
this  sub-station  represents  the  latest  and  best  equipment 
at  tiie  command  of  an  enterprising  Central  Station  Company. 
At  present,  its  maximum  normal  output  is  8,000  amperes  at 
250  volts;  the  installation  at  present  consists  of  Uio 
1,000  Kilo-watt  General  Electric  Co.  rotaries  and  the  ac- 
companying complement  of  air-blast  transformers  etc.. 
Room  is  pro-^'-itted  for  the  future  installation  of  three  more 
similar  units  and  subsiaiary  apparatus. 

From  the  accompanying  blue-prints  an  iuea  of  the 
ground  plan  and  arrangement  of  the  sub-station  can  be  gain- 
ed. The  rotaries  are  placea  in  a  north  ana  south  line  t?irough 
the  center  of  the  station,  and  immediately  to  the  rear,  and 
parallel  to  them  are  the  banks  of  1,100  K.YI.    transform.ers 
and  the  regulators.  It  will  be  seen  that  at  the  present 
writing  only  units  numiber  two  ana  three  are  installed,  and 
it  -was  upon  unit  num.ber  three  tiiat  the  test  -was  maae,  it 
being  more  favorably   situatea  for  tiie  undertaking  than 
xanit  niunber  two,  aue  to  tlie  fact  that  variations  could  be 
made  in  the  amount  of  cooling  air  vi'ithout  interfering  with 
the  other  unit  carrying  the  sub-station  load. 

The  particular  transformer  #277809,  under  consid- 
eration v.-as  erected  by  the  General  Electric  Co.  of  Sclienec- 
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tady,  lley.-  York.  It  is  of  1,100  K.W.  capacity,  at  25  cycles, 
ana  will  transform  from  4,500  or  9,000  volts  primary  to  186 
volts  depending  on  the  connection.  The  requirements  for  cool- 
ing, state,  that  not  less  than  3,800  cubic  feet  per  minute 
be  employea,  at  a  pressure  of  .75  of  an  oujice  per  square 
inch;  nevertheless  it  might  be  >.ell  to  state  here  that  it 
was  found  that  in  reality  over  6,000  cubic  feet  per  minute 
at  a  constant  pressure  of  1.57  ounces  were  used.  The  trans- 
former is  connected  delta  for  the  three  phase  current  on 
the  high  siae,  and  star  connectea  for  six  phase  current  on 
the  lovi'  siae,  where  connection  is  made  to  the  rotarj^. 
A  plan  view  of  the  iron  core  showing  the  spaces  for  venti- 
lation and  positions  of  the  coils  can  be  seen  in  an  accom- 
panying blue  print.  Tlie  air  rises  along  the  siae  of  the 
transformer  betv,een  tlie  case  ana  the  core,  and  then  passes 

in  a  horizontal  plane  to  the  grating  on  the  side,  where 
it  is  discharged  into  the  room.  The  main  purpose  of  this  air 
is  to  cool  the  iron  core,  another  outlet  being  pro^iaed  in 
the  top  of  the  transformer  in  order  to  allow  the  remaining 
portion  of  tne  air  to  escape  which  aissipates  the  energy 
loss  due  to  the  current  floi.ing. 

Since  the  allowable  temperature  rise  in  a  trans- 
former above  a  room  temperature  of  approximately  35°  C. 
is  40q  C,  by  measuring  the  temperature  of  the  incoming 
ana  discharged  air  and  knowing  the  loaa  for  any  particular 
period,  the  proper  amount  of  air  to  be  used  can  be  ascer- 
tainea.  This  was  one  of  the  features  of  tjie  test. 


The  energy  receivea  froni  the  generating  station 
after  passing  through  the  sv»itchiTig  ctpparatus  goes  tiirough 
the  transforr.er,  ana  then  through  the  88  K.Vr.  regulator 
to  the  rotary,  where  it  is  converted  into  direct  current. 
Pressure  leaas  are  also  taken  froja  between  the  transformer 
and  rotary  to  the  regulator,  by  means  of  wJiich  the  amount 
of  po'vver  delivered  to  the  rotary,  can  be  varied,  and  tlius 
the  direct  current  pressure  can  be  raised  or  lonered. 
After  passing  through  the  rotary  the  energy,  now  in  the 
shape  of  direct  current,  passes  to  the  sv.itchboard,  where 
it  is  distributed  to  tiie  "^rarious  feeders  in  the  district, 
ana  subsequently  to  the  customers.  A  detailed  wiring  plan 
of  the  transformer,  rotary  and  3v»itchboara  wiring  accom.- 
panies  trie  report,  thus  obviating  the  necessity  of  a  detail- 
ed explanation. 

The  blowing  equipment  consists  of  tv.o  Andrews  and 
Johnson  Co.  blowers,  run  at  300  revolutions  per  minute,  by 
two  General  Electric  Co.  D.C.  motors.  T]ie  motors  are  of  35 
horse  power  capacity/,  at  350  volts,  arid  run  at  600  R.P.M, 
Tlie  fans  proper  are  situatea  in  the  tujmel  in  the  sub- 
basement,  t}ie  motors  being  placed  on  a  framework  above 
the  sub-station  floor,  and  belt-d  to  the  pulley  on  the 
fan.  As  has  bean  stated  two  duplicate  fans  and  motors  are 
installed,  so  that  the  <"ontinuity  of  the  blowing  system  is 
insured  at  all  times,  td though  from  a  no  air  test  made,  it 
was  found  that  in  case  of  a  complete  breakdovm  of  the  ap- 
paratus the  transformers  could  be  run  for  about  two  hours. 


vinder  full  load  v.ithout  einy  damage,  and  v/itli  a  maximum 
temperature  rise  of  about  .3?.^  C.  in  the  iron,  if  the  trans- 
former i.as  cola  at  tlie  start. 

The  air  tunnels  locatea  below  the  sub-station 
floor  are  arrangea  so  t)iat  the  main  shaft  is  at  right  an- 
gles to  the  shaft  into  ;.-hich  the  fans  aischarge.  The  trans- 
former o">:eninti  is  loco-ted  in  the  roof  of  the  main  tunnel, 
which  besiaes  allowing  for  the  passage  of  tlie  cooling  air 
also  permits  t]\e  examination  of  the  transformer  connections. 
Small  aucts  also  lean  both  to  the  rotary  ana  to  the  regu- 
lator; the  rotary  auct  being  separate,  while  the  regulator 
duct  is  an  integral  part  of  the  transformer  auct. 

In  oraer  to  varj'  the  size  of  the  opening,  and 
thus  obtain  a  wiae  variation  of  the  amount  of  cooling  air 
special  gates  were  constructea  beneath  the  transformer, 
and  built  so  that  the  entire  opening  could  be  closed  if 
so  desired.  The  gates  v,ere  of  such  a  form  that  although 
various  openings  were  possible  the  general  shape  of  the 
opening  was  rectahgular.  The  wiath  was  a  constant  factor, 
ana  the  length  of  the  opening  was  varied  by  varying  the 
distance  between  two  movable  partitions.  The  accompanying 
blue  prints,  showing  the  plan  and  end  ■^'•iews  of  the  gates 
as  constructed,  will  give  an  idea  of  its  general  shape, 
and  of  the  detail  dimensions. 

Chief,  among  the  smaller  apparatus  used  in  con- 
nection with  the  investigation  v.as  the  set  of  Pitot  tubes. 
These  were  maae  of  one  quarter  inch  brass  tubing,  ana  cut 
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three  feet  lorikj.  In  order  to  measure  tiie  velocity'-  oi'  air  two 
tubes  are  necessary,  as  shown  in  the  accompanying  blue 
print.  One  tube  is  bent  at  one  end  through  ninty  (legraes 
on  a  tv,o  inch  radius,  and  this  end  was  sharpened  to  an 
edge.  On  the  end  of  tl\e  other,  a  thin  two  inch  aisk  was 
sweatea,  and  turned  down  from  one  eighth  of  an  inch  at  the 
center  to  a  sharp  edge.  Two  small  brass  blocks  were  then 
slipped  over  the  tubes  so  that  they  were  rigidly  bound  to- 
gether in  such  a  waj''  that  the  face  of  the  oAsk  was  iield 
on  the  same  le^'-el  as  the  center  of  tiie  opening  in  the  bent 
tube . 

The  following  fundamental  principle  underlies  the 
use  of  t]ie  Pitot  tubes.  When  they  are  placea  in  a  current 
of  air  in  such  a  .vay  that  tlie  face  of  tiie  o_isk  is  parallel 
to  the  flow  and  the  opening  of  the  bent  tube  is  tovvard  the 
current,  the  pressure  in  the  straight  tube  is  that  due  to 
the  static  pressure  of  the  surrounding  air,  tlie  disk  serv- 
ing effectually^  to  keep  the  air  from  eddying  in  the  end  of 
the  tube,  or  being  affected  by  any  pressure  due  to  the  veloc- 
ity of  the  air.  The  bent  tube  is  turned  so  that  the  open 
end  is  directly  against  the  current,  the  thin  edge  divia- 
ing  the  air  and  preventing  eudying  around  the  opening. 
The  pressure  in  this  tube,  since  the  air  is  not  allov.ed  to 
flow  through  it,  will  be  that  of  the  static  tube  plus  an 
V additional  a.iriount  due  th  the  impact  of  the  air,  ana  is 
commonly  termed  t]ie  velocity  pressure. 


In  oruer  to  separate  these  tvio  readiritis,  and. 
t>ui3  obtain  the  pressure  aue  to  velocity  alone,  the  oppos- 
ite enas  of  the  tubes  -.*ere  connected  to  an  Eames  differ- 
ential draft  gauge,  by  one   quarter  inch  rubber  tubing, 
as  shov.n  in  tlie  bl'ie  print. 

The  principle  of  this  gauge  is  that  of  a  "U" 
tube,  and  can  be  read  to  one  hunaredth  of  an  inch  accur- 
ately'', ana.  can  be  estimated  to  one  thousanath  of  an  inch, 
the  reading  being  direct  in  inches  of  vrater.  Since  the 
bent  tube  is  connectea  to  one  end  of  the  gauge,  and  the 
static  tube  to  tlie  other,  the  reading  observed  is  the 
pressure  head  due  to  the  difference  in  pressure  mentioned 
above,  that  is  the  velocity?-  head  direct  in  inches  of  wat- 
er. This  may   then  be  converted  into  an  etiuivalent  head, 
in  tei7ris  of  feet  of  air.  Nov/  it  has  been  founo.  exTjeriinent- 
ally  that  this  velocity  in  feet  per  secona  is  that  vvhiclx  a 
freely  falling  body  would  have,  ana  can  be  aeterjnined  from 
the  equation,    V  =  ^igh*,  where  "g"  is  the  acceleration- 
due  to  gravity,  or  32.16  feet  per  second  per  second,  and 
"h"  the  head  of  air  in  feet. 

In  order  to  jual^ie  use  of  the  gauge  reading  di- 
rect the  ratio  of  the  iveight  of  one  cubic  foot  of  air  to 
one  cubic  inch  of  -vater  is  introauced,  and  the  eiiuation 
then  becomes:-   V  =  \/2gh  R,   v.here  "R"  is  the  ratio  as 
determined  above  corrected  for  certain  definite  experi- 
mental conditions,  ana  "ii"  the  xieau  cf  water  in  inches. 


The  average  velocitjr  over  the  various  orifices 
used  vtas  fietermi'ied.  by  obtaining  representative  readings 
over  the  entire  area  and  aetermininb-  the  average  Toy  means 
of  a  planimeter  from  the  areas  of  the  curves  plotted  v.ith 
the  various  reauings  for  one  opening.  This  average  veloc- 
ity '.times  the  area  of  the  orifice  gives  the  rate  of  air 
supply  to  the  transformer  for  that  particular  condition. 
In  this  manner  tiie  accompanying  calibration  data,  and  curves 
shov.ing  the  movement  of  the  air  in  the  various  orifices, 
were  obtained,  as  was  tjie  variation  of  the  average  velocity 
and  quantity  of  air  wit/i  the  size  of  the  orifice.  In  the 
curve  sheet  showing  the  velocity  reaoings  in  a  transverse 
section,  the  points  plotted  represent  velocity  in  feet 
per  second  in  the  central  plane,  with  various  sized  ori- 
fices. This  curve  shov.s  the  increase  of  friction,  at  the 
sides  with  increase  of  velocity.  The  curves  representing 
the  average  longitudinal  velocities  show  the  effect  of 
the  direction  of  the  air  in  the  duct,  that  is  the  inertia 
of  the  air  as  it  swings  up  through  the  orifice  causes  the 
larger  part  to  pass  up  the  farther  side  of  the  orifice, 
and  hence  the  velocity  at  this  point  is  greatly  increased, 
while  that  on  the  siae  nearest  the  blower  tends,  especial- 
ly in  tlie  case  of  the  larger  openings,  to  approacii  zero 
as  a  value.  In  case  of  the  smaller  openings  the  effect  of 
the  vertical  height  of  the  opening  becomes  manifest,  thus 
causing  the  velocity  to  becom.e  more  nearly  a  constant 
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Dat-a 

for  tJie 

CaliUration  of  Eiill   Opening,    36"  x24". 

Test  made  May   10,1905. 

Temperature  in  Intake  13.8*^C.  In  Duct  19.1'^C. 

Barometer  in  Intake  29.37  in.  In  Duct  29.56  in. 

Paychron-.eter   -  Vfet   58.0^E.-  Dry   66.5°F.    Hiunidity   59.4  ^. 

Velocity  Head  Velocity  Average 

( Inches   of  v;ater)  (Feet  per  Second)       Velocity 

abed  abed  abed 

.106  .096  .100  .100  21.9  20.8  21.2  21.2  21.2 

.100  .098  .110  .093  21.2  21.0  22.3  20.5  21.2 

.110  .-100  .110  .093  22.3  21.2  22.3  21.2  21.7 

,105  .097  .130  .105  21.8  20.9  2^i.2  21.8  22.2 

.095  .092  .100  .105  20.7  20.4  21.2  21.8  21.0 

.045  .080  .100  .075  14.2  19.0  21.2  18.4  18.2 

.035  .030  .060  .040  12.6  11.6  16.4  13.4  13.5 

.010  .020  ,015  i005  6.7  9.5  8.2  4.7  7.3 

.010       .010       .001       .001  6.7         6.7         2.1         2.1  4.4 

.001       .001       .001       .000  2.1         2.1         2.1         0.0  1.6 

Longitudinal  readings   e-rery  3". 

Average  velocity  through  opening  bjr   plcajiimeter  —   13.58 

ft.    per   sec. 

Corresponding  q\iantity  _.   81.50   cu.    ft.    per  sec. 
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Dat-a 
for  -the 
Calibration  of  Three   Qviarter  Opening,  37"  x  24". 
Test  nade  May  10,1905. 

Temperature  in  Intake  IS.B^C.  In  Duct  19.5°C. 
Barometer  iu  Intake  29.37  in.  In  Duot  29.56  in. 
Paychrometer  -  Wet  58.o"f.-  Dry  67.o"f.-  Hurairtity  57.2 


Velocity  Head 
(Inches  of  Vfate: 

r) 

Velocity 
(Feet  per  Second) 

Average 
Velocity 

a 

b 

c 

d 

a 

b 

c 

d 

abed 

.160 

.160 

.160 

.150 

26. 

,9 

26.9 

26.9 

26.0 

26.7 

.165 

.170 

.170 

.150 

27. 

.3 

27.7 

27.7 

26.0 

27.2 

.160 

.165 

.172 

.150 

26, 

,9 

27.3 

27.8 

26.0 

27.0 

.110 

.145 

.170 

.160 

22, 

.3 

25.6 

27.7 

26.9 

25.6 

.060 

.050 

.110 

.070 

16, 

15.0 

22.3 

17.8 

17.9 

.020 

.025 

.003 

.010 

9. 

,5 

10.6 

3.7 

6,7 

7.6 

.010 

.005 

.000 

.  005 

6, 

,7 

4.7 

0.0 

4.7 

4.0 

.  005 

.000 

.000 

.000 

4, 

.7 

0,0 

0.0 

0.0 

1.2 

Lo''\gitudinal  readings  every  3". 

Average  velocity  through  opening  by  planineter  _  16.44 

ft.  per  sec. 

Corresponding  quantity  =  74.00  cu.  ft.  per  sec. 
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Data 

for  -tKe 

Calibratiov.  of  One  Half  Opening,  18"  x  34". 

Teat  made   Ua.ir   10,1905. 

Temperature    iii  Intake   13  .B'^^C.    In  Duct  19.4  C. 

Barometer   in  Intake  29.37   in.    In  Duct  29.56   in. 

Psychrometer   -  V^et   58.5°F.-Dry  67.0°F.   Himidity   59.7  ^. 

Velocity  Heart  Velocity  Average 

(Inches    of  Vfater)  (Feet  per  Second)        Velocity 

abcdabcd  abed 

.290       .270       .270       .240        36.2      34.9      34.9      32.9  34.7 

.290       .290       .290       .235         36.2      36.2      36.2      32.6  35.3 

,170       .220       .270       .230         27.7      31.5      34.9      32.3  31.6 

.030       .040       .120       .070         11.6      13.4      83.3      17.8  16.5 

.000       .000       .010       .000           0.0         0.0        6.7         0.0  1.7 

Longitudinal  readings  everj'  3". 

Average  velocity  through  opening  byVjplanimeter  =  22. Q?, 

ft.  per  sec. 

Corresponding  quantity  =  68.50  cu.  ft.  per  sec. 
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Data 

for  t]ie 

Calibratio'i   of  One   Quarter  Openinfj;,    9"   x  24". 

Test  made  I.Iay  10,1905. 

Temperature   iu  Intake   12 .8^0 .    In  Diict   19.8   C. 

Barometer   in  Intake   29.37   in.    In  Dnct  29.56    in. 

Psychrometer   -  V/et   58.0'^F.-  Dry   BV.o'^F.    Hiuriirtity   57.2  ^. 

Velocity  Head  Velocity  Average 

(I-.ches    of  VJater)  (Feet  per  Second)        Velocity 

a            b            c            d            a            b            c            d  abed 

.530       .510       .510       .500         48.8      47.9      47.9      47.5  48.0 

.425       .550       .5nO       .430        43.8      49.8      50.2      44.0  46.9 

.190       .460       .500       .370         29.3      45.5      47.5      40.8  40.8 

,090       .435       .370       .300        20.1      44.3      40.8      36.8  35.5 

.090       .300       .205       .280        20.1      30.0      30.4      35.5  29.0 

Longitudinal  readings  every  1  1/2". 

Average  velocity  through  opeiiing  by  planimeter  =  39.10 

ft.  per  sec. 

Corresponding  quantity  =  58.60  cu.  ft.  per  sec. 
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Data 

for  the 

Calibratiov.  of  One  Eighth  Opening,  4  1/2"  x  24". 

Teat  nade  May  10,1905, 

Temperature  in  Intake  22. 8*^0.  In  Duct  19.8°C. 

Barometer  in  Intake  29.37  in.  In  Duct  29.56  in. 

Psychro.meter  -Wet  59.0'^F.-  Dry  67.5<^F.  mmidity  60.0  ^. 

Velocity  Head  Velocity        Average 

(Inches  of  Water)       (Feet  per  Second)    Velocity 

a     b     c     rt  a     b     c  :c{  abed 

.890   .940   .870   .820  63.3   65.1   62.6  60.8  62.9 

.690   .960   .330   .800  55.8   65.8   61.2  60.1  60.7 

.480   .870   .780   .480  46.5   62.6   59.3  46.5  53.7 

.260   .720   .700   .280  34.2   57.0   56.2  35  5  45.7 

.240   .610   .670   .280  32.9   52.4   54.9  35.5  43.9 

Longitudinal  readings  e-'-ery  3/4" . 

Average  velocity  tlirough  opening  by  planimetcr  =  53.00 

ft.  per  sec. 

Correspoiiding  quantity  =  39.70   cu.    ft.    pei"  aec. 


Data 

for  -the 

Calibratio'\  of  One  Sixteenth  Opening,  2    1/4"  x  24". 

Test  made  May  19,1905. 

Temperature  in  Im  ake  17.0*^0.  In  Duct  36.9"c. 

Barometer  iu  Intake  29.57  in.  In  Duct  29.77  in. 

Ps3rch_rometer   -  Vfet  72.0'^F.-  Dry   84.o'^F.   Hirnddity   55.  R  fo. 

Velocity  Head.  Velocity  A-'-erage 

(Inches   of  Water)  (Feet  per  Second)        Velocity 

abcdabcd  abed 

1,07  1.07  1.07  1.11  70.1  70.1  70.1  71.4  70.6 
.62  1.04  1.06  .60  5:5.3  69.1  69.8  52.5  61.2 
.51         .97      1.02         .38        48.4      66.7      68.5      42.3         56.5 

Longitudinal  readings  every  9/16". 

Average  velocity  through  opening  by  planimeter  =  61.50 

ft.  per  sec. 

Corresponding  quaiitity  zz  23.05   cu.    ft.    per  sec. 


Pa"ta 

for  -the 

Calibra"tioii   of  One  Thirtyaeconcl   Opening,    1   1/8"  x  84". 

Test  rriade  Hay   19,1905. 

Temperature  in  Intake  IV.O'^C.  In  Duct  86. 9*^0. 

Barometer  in  Intake  29.57  in.  In  Duct  29.77  in, 

Psycllrometer   -  YIet   72.0^F.-  Dry  84.  o'^P.    Himidity  55.6  ^. 

Velocity  Head  Velocity  A'^'erage 

(I^'^.ches    of  Water)  (Feet  per  Second)        Velocity'' 

abcdabcd  abed 

.90      1.36      1.36         .58         64.3      79.1      79.1      51.6         68.52 

Oi\e   central    Inngitiuiinal  reading. 

Average  velocity;-  through   opening  =  68.52   ft.    per  sec. 

Corresponding  quantity  —  12.87   cu.    ft.    per   sec. 


Da'ta 
for  the 
Calibration  of  Rotary  Opening,  10"  x  30". 
Test  made  May  31,1905. 

Temperature  in  Intake  18.2°C.  In  Duct  27.3  C. 
Barometer  in  Intake  39.65  in.  In  Duct  39.85  in. 
Psyciirometer  -  Wet  72.0°r.-  Dry  84.0°F.  Humidity  55.6 


Velocity 
(Inches  of 

Head. 
V/ater ) 

fFe< 

Velocity 
9t  per  Second) 

Average 
Velocity 

a 

b 

c 

a 

b 

c 

abc 

.350 

,460 

.300 

40.1 

46.0 

37,1 

41.1 

.440 

.540 

.400 

45.0 

49 . 3 

43.9 

45.9 

.430 

.520 

.300 

43.9 

48.9 

37.1 

43.3 

A^^erage  velocity  through  opening  =  43.4  ft. per  sec. 
Corresponding  quantity  =90.5  cu.ft.  per  sec. 


Determiuation  for  Air  Cons'tant,  May  10,1905. 

Temperature  =  19.5*^0.  zi   67.1"F. 

Corrected  Barometer  reading  =  39.56  -  .10  ~  29.46  in. 

Humidity  58.7  ^. 

Vft.  of  cu.  ft.  of  dry  air  67.1*^F.  .0754  lbs. 

Vft.  of  cii.  ft.  of  saturated  air  at  67.1°F.   .0747  lb3, 

Vft.  of  cu.  ft.  of  air  (Hujn.  58.7  ^)  .0750  lbs, 

from  Keiit  page  484. 

ViTt.  of  air  corrected  for  barometer  reading  is 

29.46  divided  by  29.92  times  .0750  -  .0740 

V/t.  of  cu.  ft.  of  water  at  67.1°F.  is  62.4245  lbs. 

divided  by  1.00162  -   62.33ib3. 

from  Kent  page  547 . 

R  (ratio)  =  62.32  divided  by  .0740  x  12  =  70.25 

V  =^   2gRh  -   2  X-'  32.16  x  70.25  x  h' 

V  =   67.2   h 
Constant  =67.2 

Deter  mination  of  Air  Constant,  Hay  19,1905. 

Temperature  =  26.9  C.  —  80.4°F. 

Corrected  Barometer  reading  -  29.77  -  .10  ==  29.67  in. 

Humidity  51.2  ^. 

Similarly  to  above  calculations, 

Constant  =67.8 


Weights  of  Air,  Vapor  of  Water,  and  Saturated.  Mixtures 

of  Air  and  Vapor  at  Different  Teiaperaturea ,  under  the 

Ordinary  Atmospheric  F'ressure  of  39.921  in.  of  Mercury. 

Table  from  Kent,  page  484. 

Temp,   lbs. per  Mixtures  of  Air  Saturated  ..ith  Vapor, 
cu.ft.   Weight  of  Cubic  Foot  of  Mixture,  lbs. 


Begs. 

of 

Vf  eight 

Weight 

Wei  gilt 

F. 

Dry  Air 

Air 

Vapor 

Mixture 

0^ 

.0864 

.0863 

.000079 

.086379 

12 

.0842 

.0840 

.000130 

.084130 

22 

.0824 

.0821 

.000202 

.082302 

32 

.0807 

.0802 

.000304 

.080504 

42 

.0791 

.0784 

. 000440 

.078840 

52 

.0776 

.0766 

.000627 

.077227 

62 

.0761 

.0747 

.000881 

.075581 

72 

.0747 

.0727 

.001221 

.073921 

82 

.0733 

.0706 

.001667 

.072''67 

92 

.0720 

.0684 

.0022  50 

.070717 

102 

.0707 

.0659 

.002997 

.068897 

112 

.0694 

.0631 

.003946 

.067046 

132 

.0698 

.0599 

.005142 

.065042 

132 

.0671 

.0564 

.006639 

.063039 

142 

.0660 

.0524 

.008473 

.060873 

152 

.0649 

.0477 

.010716 

.058416 

162 

.0638 

.0423 

.013415 

.055715 

172 

.0628 

.0360 

.016682 

.052682 

182 

.0618 

.0288 

.020536 

.049336 

192 

.0609 

.0205 

.021542 

.045642 

202 

.0600 

.0109 

.030545 

. 041445 

212 

.0591 

.0000 

.036820 

.036820 

Expansion  of  V^atev. 
Th'.e  follcv.ing  table, from  Kent  page  547,  giA'-ea  the  relative 
vol:mes  of  water  at  different  temperatures,  compared,  with 
its  volume  at  4^C.  according  to  Kopp  as  corrected,  by 


Porter. 

Centigrad.e 

Fahrenh( 

4° 

39. l' 

5 

41.0 

10 

50.0 

15 

59.0 

20 

68.0 

35 

77.0 

30 

86.0 

35 

95.0 

40 

104.0 

45 

113'.  0 

50 

122.0 

55 

131.0 

60 

140.0 

65 

149.0 

70 

158.0 

75 

167.0 

80 

176,0 

85 

185.0 

90 

194.0 

95 

203.0 

100 

212.0 

Volume 

1.00000 
1.00001 
1.00025 
1.00083 
1.00171 
1.00286 
1.00425 
1.00586 
1.00767 
1.00967 
1.01186 
1.01423 
•1.01678 
1.01951 
1.02241 
1.02548 
1.02872 
1.03213. 
1.03570 
1.03943 
1 . 04332 


Use  of  table. 

Weight  of  1  cu.  ft.  at  any  given  te.^'iperature  is  equal  to 

the  v.eight  of  one  cu.  ft.  at  4  C.  (62.4245  lbs.)  divided 
by  the  volume  at  that  temperature. 
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valiie  over  the  entire  opening. 

Tlio  (iraft  gauge  mentionea  preAriously  consists 
of  an  aluminum  casting  15"  X  5"  in  v.hich  a  glass  tube  n^ 
the  form  shovm  in  tj\e  blue  print  is  rio.igly  mounted. 
The  indicating  tube  ho-s  a  rise  of  about  one  half  inch 
in  ten  inches,  so  tliat  the  inaications  on  t]ie  scale, 
give  the  combine(t  fall  of  t}ie  liquid  in  tlie  reservoir 
on  the  left,  anti  the  rise  of  the  column  in  tJie  tube. 
The  tube  is  calibrated  to  be  read  in  one  hundredths  of  an 
inch,  and  directly  in  terms  of  a  head  of  water,  although 
the  liquid  used  is  oil,  of  specific  gravity  39.5  Caume, 
and  commercially  kno.vn  as  "300  Mineral  Seal  Oil'.'  V^ater 
cannot  be  used  on  acco;mt  of  its  changing  ■^'•oliujie  due  to 
evaporation,  ana  to  the  influence  of  capillary  attraction. 
The  limit  of  the  reading  of  the  gauge,  if  filled  to  the 
zero  point  of  the  scale,  is  from  zero  to  one  inch  pres- 
sure heaa  of  ■/ater,  but  by  filling  it  to  the  points  mark- 
ed on  the  vertical  right  hand  portion  of  the  tube,  its 
capacity  may  be  increased  to  one  and  one  half  or  tvto  inches 
as  desired. 

In  regard  to  the  subsidiary  apparatus  used,  the 
thermometers  ..ere  checkea  both  for  zero  a^^d  boiling  points 
bjr  the  stanuara  methods,  and  the  intermediate  portions  of 
the  scale  with  a  standard  thermometer,  ana  -Aipre  fo\md  to 
check  within  one  tenth  0+  one  degree.  The  Green  aneroid 
barometer  used  was  calibrated  with  a  standard  mercurial 


barome"ber.  The  readings  were  corrected  for  temperature, 
and  the  aneroid  v.as  found  to  read  one  tenth  inch  hiy[h  as 
can  be  seen  from  the  accompanyintj  calibration  curve. 

The  Green  psyciiroineter  useci  --.as  checked  by  means 
of  calcium  tubes.  The  experiment  consists  of  passinj^  a 
measured  amount  of  air  throu{,:^h  several  "U"  tubes  connected 
in  series  and  containinti  pulverized  emhydrous  calcium  chlo- 
ride. The  tubes  are  wei^ihed  .  before  ana  after  the  passage  of 
the  air.  From  the  increase  in  'veiij;ht  of  the  tubes  ancj  t]ie 
amount  of  air  uaed  the  true  relative  hi."imidity  is  obtained. 
3y  substutiny  the  v.et  and  dry  bulb  thermometer  readim-js  in 
tlie  psychrometric  table  appended  tlie  humidity  as  Kiiven  by 
the  instriuTient  is  determined.  These  values  vvere  ^ound  to 
ayree  very  closly.  The   psychromcter  vvas  also  c2i:3cked, 
with  that  used  by  that  used  by  the  U.S.  Weather  Bureau  of 
Chicago,  and  it  was  found  that  no  correction  need  be  made. 
The  accompanyin^i  table  from  Kent's  "Engineers  Handbook"  page 
483.  is  that  compiled  by  the  U.S.  Vfeather  Bureau,  ano;  was 
used  for  determining  the  relative  humiaity  from  the  phy- 
chrometer  reao.ings. 

The  principle  of  the  psychrometer  action  is  that 
the  air  at  any  particular  humiaity  will  cause  a  definite 
evaporation  of  water,  from  a  small  vset  cloth  slippea  over 
one  thermometer  bulb,  ana  hence  a  definite  drop  in  the  tlier- 
mometer  reading  below  that  of  a  dry  thermometer.  This  dif- 
ference together  -,<lth   the  ary  thermometer  reaaing  will  give 
the  relative  humidity  in  per  cent  of  saturation,  that  is 


Relative  Hvuaidity   in  per  cent   of  Saturation. 

Table   from  Kent,pap;e   483,    as   Coiapilert  by  the  United 

States  Yfeather  Bureau.      Baroraeter  at  30   inches. 


Diff . 

Reading 

of  Dry  Therrnometer  in  Degrees  F. 

bet. 

Wet 

33 

40 

50 

60 

70 

80 

90 

100 

110 

120 

140 

and 

Dry 

Relative 

Hue: 

lidity,  S 

iaturation  be 

sing 

100. 

1 

89 

92 

93 

94 

95 

96 

96 

96 

97 

97 

97 

2 

79 

83 

87 

89 

90 

91 

92 

93 

93 

94 

95 

3 

69 

75 

80 

83 

86 

87 

99 

89 

90 

91 

92 

4 

59 

68 

74 

78 

81 

83 

85 

86 

87 

88 

89 

5 

49 

60 

67 

73 

77 

79 

81 

83 

84 

85 

87 

6 

39 

52 

61 

68 

72 

75 

78 

80 

81 

82 

84 

7 

30 

45 

55 

63 

68 

72 

74 

77 

78 

80 

82 

8 

20 

37 

49 

58 

64 

68 

71 

73 

75 

77 

79 

9 

11 

29 

43 

53 

59 

64 

68 

70 

73 

74 

77 

10 

2 

23 

38 

48 

55 

61 

65 

68 

70 

72 

75 

11 

15 

32 

43 

51 

57 

61 

65 

67 

69 

73 

13 

7 

27 

39 

48 

54 

58 

62 

65 

67 

70 

13 

0 

21 

34 

44 

50 

55 

59 

62 

65 

68 

14 

30 

40 

47 

52 

56 

60 

62 

66 

15 

26 

36 

44 

49 

54 

57 

60 

64 

16 

21 

33 

41 

47 

51 

55 

58 

62 

17 

17 

29 

38 

44 

49 

52 

55 

60 

18 

13 

25 

35 

41 

46 

50 

53 

58 

19 

9 

22 

32 

39 

44 

48 

51 

56 

20 
21 
22 
23 
24 
26 
28 
30 

5 

19 

29 

36 

41 

46 

49 

54 

1 

15 

26 

34 

39 

44 

47 

53 

12 

23 

31 

37 

42 

45 

51 

9 

20 

29 

35 

40 

43 

49 

6 

18 

26 

33 

38 

41 

47 

12 

22 

28 

34 

38 

44 

7 

17 

1  ■? 

24 

01 

30 

34 

T  -1 

41 

26      31      38 


■the  aifloimt,  of  moistiire  the  air  will  hold  before  precipita- 
tion occurs. 

In  order  t,o  measure  the   temperature  of  tlie  trans- 
former iron,  a  small  coil  of  insulateo  •/«ire  was  inserted,  be- 
tvyeen  tlie  laminations  of  the  core,  anri  t]ie  variations  in 
its  resistance  were  measured  ty   a  Wlieatstone  Brid^ie.  Since 
the  resistance  of  copper  increases  .388  per  cent  per  degree, 
Centif^rade,  the  rise  of  tempera.ture  could  be  determined. 

The  preliminary  apparatus  hairing  been  described, 
the  method  of  proceediire  in  tlie  main  test  will  no.v  be  con- 
sidered. In  making  the  test  the  main  idea  to  be  brought  out 
was  the  determination  of  the  proper  am.ount  of  air  reciuired 
to  keep  the  transformer  within  the  specifieu  temperature 
limits.  Tests  "vrere  ro.aae  foi*  quarter,  half,  tliree  ciuarters, 
an.d  full  load.  From  the  rise  of  temperature  and  the  amoiant 
of  air  used,  ^»e  should  have  been  able  to  determine  how  much 
air  should,  be  used  to  keep  tlie  transformer  vvithin  the  spec- 
ified limits  of  temjerature.  Tho  gates  used  to  vary  the 

q.uantity  of  air  were  supposedly  fitted  into  t.he  duct,  so 

v^ould  be 
that  the  leakage  -/.hich  might  occur  around  its  edges^neglig- 

able.  After  completing  the  test,  trial  co^nputations  v.ere 
made  ana  from  the  results  it  v<as  found  that  the  leakage 
played  quite  an  important  jart,  thus  making  calculatea  re- 
sults inconsistent.  The  test  shows  -7-e.ry  plainly  that  there 
is  fa,r  too  much  air  supplied,  as  in  no  case,  witii  the  air 
cut  oi.ov,Ti  as  it  was,  did  the  transformer  rise  to  its  tem- 
perature limit. 


Data 

Showing  Temperature  Variations,  with  Transforiner  under 

One  Quarter  Load. 

Test  made  Ma:^  17,1905. 

Barometer  in  Intake  39.35  in.  In  Duct  39.45  in. 

Paychrometer  -YIet   63.0°F.-  Dry  12.0^F.    Humidity  56.3  ^. 

T.-ron  TemT:..-Res.  Iron  Air  Tftrni).  Ride   Av.  Temp. Temp. 
Time  Res.   Temp. Iron  Temp,  at   at   at  Side   at   of 
Ohms  Rise  Temp. Ther. Left  Cent.R'ht  Temp. Top  Room 

3.45      9.94      0.0  30.6    30.6    31.6    33.3    31.6    31.8   33.0   37.5 

3.00    10.14      4.7  35.3    34.0   34.7    35.1    34.5    84.8   34.0   37.5 

3.15   10.25      7.4  28.0   37.8   37.3    27.7    26.9    27.3    24.5   37.5 

3.30    10.38    10.3  30.9    31.3    39.4   39.7    38.9    39.3    35.0   38.0 

3.45    10.48    13.5  33.1    34.5    31.3    31.3    30.6    31.1   25.5    38.0 

4.00   10.57    14.5  35.1    37.6    33.9    33.8    33.3    33.6    35.7    38.0 

4.15    10.64    15.9  36.5    39.7    34.0   33.8    33.4   33.7    36.0    33.0 

4.30    10.71    17.5  38.1    43.0   35.4   35.1    34.6    35.0    36.3    28.3 

4.45    10.78    18.9  39.5    44.0    36.3    35.7    35.5    35.8    36.3    28.3 

5.00   10.70    17.3  37.9    42.8    34.6    34.0   33.8    34.1    25.9    28.3 

5.15    10.70    17.3  37.9    42.8    34.8    34.4   34.1    34.4   36.0   38.4 

5.30    10.78    18.9  39.5    44.6    36.1    35.6    35.3    35.6    36.1    38.3 

5.45    10.83    19.9  40.5    46.3    37.1    36.4  36.3    36.6    36.3    38.3 

6.00   10.88    20.9  41.5    48.1    37.6    37.5    37.0   37.4   36.3    38.3 

6.15    10.95    33.4  43.0   49.9    38.8    38.0    37.5   38.1    36.3    38.5 

6.30    10.99    33.3  43.8    50    3    39.3    38.4   38.1    38.6    36.3    38.0 

6.45    11.01    33.6  44.3    51.3    39.7    33.7    38.6    38.0    26.3    38.0 

7.00    11.03   33.8  44.4    53.1   40.0   38.9    38.8  38.2    26.4   28.0 

7.15    11.04   24.1  44.7    53.9    40.4   39.3    39.3    39.6    36.4   37.9 

7.30    10.94   33.1  43.7    51.1    38.8   37.8   37.8    38.1   36.0   27.9 
7.45    11.00   23.4   44.0    52.0   39.6    38.5    38.4   38.8    26.2    28.0 

8.00    11.03    23.8  44.4   52.3    40.0   38.8    38.8    39.3 

8.15    11.05    34.3  44.9    53.1   40.4   39.3    39.1    39.6 

8.30   11.07    24.7  45.3    53.8    40.6    39.5    39.4   39.8 
8.45    11.09    25.1    45.7    54.3    40.9    39.7    39.8    40.1 

9.00    11.10    35.3  46.0    54.4   41.4   40.1    40.1    40.5 

9.15    11.12    25.7  46.3    55.3    41.6    40.5   40.4   40.8   26, 

9.30    11.14   26.1  46.7    55.8    41.8   40.5   40.5   40.9 


26. 

,3 

28. 

,1 

36, 

,4 

28. 

,2 

36, 

.5 

28. 

,3 

36, 

.7 

28. 

.3 

26, 

.8 

28. 

,  4 

26, 

,9 

28. 

.5 

26. 

,9 

28. 

,5 

Data 
Showing  Temperature  Variationsb-,vit)i  Trajiaformer  under 
One  Quarter  Loaa, (continuea) . 

Direct  Current  readings  -  1000  ajnperes  -  240  volts. 
Alternating  Current  Readings  -  275  K.  YJ .    -   9000  volts. 

Temperature  readings  in  Duct,  degrees  C. 

Time    8.45    3.45    4.45    5.45    6.35    7.45b   8.45 

Temp    22.7    23.5    23.3    23.0    22.6    22.6    22.8 

Size  of  Orifice,  2-1/4"  x  24". 

Rise  in  Temperature  of  Seconaary  Copper. 

Time      Res.  Sec.  Coil     Temp.  Rise  Temp. 

4.45         .000390  (cold)       20.6°C 

7.15         .000396  4.0"C  24.6 

9.30         .000357  -21.3  


Data 

Showing  Temperature  Variations, wi-bh  Transformer  unc'er 

One  Half  Load, 

Test  liiacie  May  18,1905. 

Barometer  in  Intake  39.44  in.  In  Duct  29.65  in, 

Psychrometer  -  V/et  64.5'^F.-Dry  VV.O'^F.  Humidity  50.2  f. 

IroTi  Temp. -Res.  Iron  Air  Temp.  Side  Av.  Temp. Temp. 
Time  Res.   Temp. Iron  Temp,  at   at   at  Side  at   of 
Ohms  Rise  Temp. Ther .Left  CeJit.R'ht  Temp. Top  Room 

2.15  10.08   0.0  25.6  25.6  24.7  25.0  25.0  24.9  24.0  26.0 

2.30  10.29   5.0  30.6  29.5  26.8  27.0  26.7  26.8  24.5  26.5 

2.45  10.41   7.7  33.5  33.0  28.7  29.0  28.4  28.7  25.0  26.5 

3.00  10.49   9.5  35.1  35.0  29.7  29.5  29.3  29.5  26.0  26.5 

3.15  10.57  11.3  36.7  37.0  31.0  30i5  30.8  30.8  27.1  27.0 

3.30  10.62  12.3  37.7  39.0  30.9  31.0  31.3  31.1  27.0  27.0 

3.45  10.68  13.6  39.2  40.0  31.4  31.5  32.0  31.6  27.0  27.0 

4.00  10.72  14.5  40.1  40.8  32.0  32.0  32.6  32.2  27.0  27,0 

4.15  10.77  15.5  41.1  41.0  33.4  32.5  32.9  32.6  27.0  27.0 

4.30  10.73  13.8  39.4  38.0  31.6  32.0  31.6  31.7  36.0  26.0 

4.45  10.75  15.1  40.7  41.5  31.8  32.0  32.2  32.0  26.8  26.4 

5.00  10.81  16.4  42.0  43.0  32.4  32.7  32.8  32.6  27.0  27.3 

5.15  10.86  17.4  43.0  44.2  33.2  33.3  33.4  33,3  27.0  27.0 

5.30  10.91  18.4  44.0  45.6  33.9  34.0  34.2  34.0  27.4  27.0 

5.45  10.94  19.1  44.7  47.0  34.4  34.2  34.6  34,4  27.6  27.0 

6.00  10.98  19.9  45.5  47.5  34.6  34.8  35.1  34.8  27.7  27.0 

6.15  11.01  20.5  46.1  48.3  35.2  35.1  35.4  35.2  27.7  27.0 

6.30  11.03  30.8  46.4  49.3  35.4  35.3  35.7  35.5  27.7  27.0 

6.45  10.94  19.1  44.7  47.0  33.4  33.7  34.0  33.7  27.0  27.0 

7.00  10.96  19.4  45.0  47.5  34.0  54.0  34.6  34.3  27.2  27.0 

7.15  10.98  19.7  45.5  48.0  34.3  34.5  35.0  34.6  37.3  37.0 

7.30  11.01  19.5  46.1  48.5  34.7  34.8  35.3  34.9  37.4  37.0 

7.45  11.03  20.7  46.3  48.9  34.8  35.0  35.4  35.1  27.7  27.0 

8.00  11.04  21.0  46.6  49.2  35.0  35.3  35.7  35.3  27.7  27.0 

8.15  11.06  21.4  47.0  49.9  35.6  35.1  35.8  35.5  27.8  27.0 

8.30  11.08  21.8  47.4  50.0  35.7  35.3  35.8  35.6  28.0  27.0 

8.4b  11.08  21.8  47.4-50.2  35.7  35.4  36.2  35.8  28.0  27.0 


Data 
Showing  Temperature  Variations  i-nith  Transformer  under 

One  Half  Load,  Ccont Lnnen) • 

Direct  Current  readings  -  ROOD  akni.pere3  -  340  volts. 

Alternating  Current  readings  -  550  K.  W.  -  9000  volts. 

Temperature  readings  in  Duct,  degrees  G. 

Time   2.15     3.15     4.15     5.15      6.30     7.45 

Temp.  22.0    21.6    21.3    20.9    20.4    20.8 

Chajiges  in  size  of  orifice. 

2.15  to  4.15  P.IvI.,  3-3/3"  x  24"  opening. 

4.15  to  8.45  P.M.,  1-1/8"  x  24"  opening. 

Rise  in  Temperature  of  Secondary  Copper. 


Time 

Re 

s.  Sec. 

Coil 

Temp.  Rise 

Temp. 

1.50 

.000366( 

cold) 

• 

0 

25.6  C 

4.15 

.000356 

-7.0°C 

18.6 

6.30 

.000356 

-7.0 

18.6 

8.45 

.000360 

-4.2 

21.4 

Ilote:-  Reaxiings  inconsistent,  due  to  the  inductemce  of 
the  coil. 
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Dat-a 

Showing  Temperature  Variations  with  Transformer  under 

Three  Quarter  Load 

Test  made  }la.ir   19,1905. 

Barometer  in  Intake  29.56  in.  In  Duct  29.76  in. 

Psychrometer  -  Wet  Vl.o'^F.-  Dry  84.0°F.  Humidity  52.0  ^. 

■Iron  Temp. -Res.  Iron  Air  Temp.  Side  Av.  Temp. Temp. 
Time  Res.   Temp. Iron  Temp,  at   at   at  Side   at   of 
Ohms  Rise  Temp. Ther .Left  Cent.R'ht  Temp. Top  Room 

3.15  10.20  0.0  29.0  29.0  29.2  29.0  28.6  28.9  29.1  28.5 
3.30  10.35  3.7  32.6  31.3  30.8  30.8  30.2  30.6  30.8  29.0 
3.45  10.45  6.9  35.9  34.2  32.6  32.8  31.2  32.2  32.2  29.0 
4.00  10.61  10.0  39.0  37.6  34.8  35.4  32.0  34.1  34.0  29.0 
4.15  10.70  12.1  41.1  41.0  36.1  37.0  32.8  35.5  34.9  29.5 
4.30  10.79  14.1  43.1  43.4  37.4  38.3  33.5  36.4  35.9  29.5 
4.45  10.89  16.3  45.3  37.3  38.5  39.6  33.9  37.3  56.3  29.5 
5.00  10.94  17.4  46.3  48.0  39.5  40.4  34.2  38.0  36.8  29.8 
5.15  11.00  18.8  47.8  49.5  40.3  41.4  34.6  38.8  37.2  30.0 
5.30  10.93  17.2  46.2  48.4  39.0  39.8  33.0  37.3  35.4  29.5 
5.45  11.03  19.4  48.4  50.4  40.5  41.3  34.6  38.8  36.5  30.0 
6.00  11.09  20.7  49.7  51.8  41.3  42.0  34.7  39.3  37.0  30.0 
6.15  11.15  22.0  51.0  53.3  42.2  43.0  35.4  40.2  37.4  30..0 
6.30  11.18  22.6  51.6  54.5  42.7  43.8  35.6  40.7  37.7  30.5 
6.45  11.2,'3  23.5  52.6  55.7  43.3  44.5  39.9  42.6  38.0  30.5 
7.00  11.26  24.3  53.3  56.7  43.8  45.0  40.3  43.0  38.6  30.5 
7.15  11.29  25.0  54.0  57.7  44.2  45.3  40.6  43.4  38.7  30.5 
7.30  11.31  25.3  54.3  58.5  44.5  45.8  40.8  43.4  38.8  30.5 
7.45  11.22  23.5  52.5  56.4  43.0  43.8  39.8  42.2  37.0  30.7 
8.00  11.25  24.1  53.1  57.1  43.6  44.4  40.0  42.5  37.5  31.0 
8.15  11.28  24.7  53.7  57.8  44.1  45.0  40.3  43.1  38.0  81.2 
8.30  11.30  25.1  54.1  58.0  44.4  45.5  40.7  43.5  38.7  31.2 
8.45  11.34  25.9  54.9  59.0  44.8  46.0  40.9  43.9  39.0  31.5 
9.00  11.35  26.1  55.1  59.7  45.2  46.3  41.2  44.2  39.3  31.5 
9.15  11.36  26.3  55.3  60.1  45.6  47.0  41.6  44.7  39.7  31.5 
9.30  11.38  26.7  55.7  60.8  45.8  47.3  41.8  45.0  39.9  32.0 
9.45    11.40   21.2    56.2    61.0   46.0   47.4  42.0   45.1    39.9    32.0 


Data 
Shoivinf^  Te^iperature  Variation  with  Transformer  unrter 
Three  Quarter  Load  (continued). 

Direct  Current  readings  -  3000  amperes  -  840  ■'■olts. 
Alternating  Current  readings  -  885  K.  W.  -  9000  volts, 
Temperature  readings  in  Duct,  degrees  C, 
Time    3.00       5.15       7,30       9.45 
Temp.   27.7      27.9      29.1      29.5 

Size  of  Orifice  1  1/8"  x  24". 

Rise  in  Temperatxire  of  Secondary  Copper. 


Time 

Re 

s.  Sec. 

Coil 

Temp. 

Rise 

Ter 

np. 

3.00 

.000356  ( 

'  colu) 

89, 

.0°C 

5.15 

.000375 

13. 

.8°C 

42. 

,8 

7.30 

.000384 

20, 

.3 

49, 

.3 

9.45 

.000382 

18, 

.8 
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Data 

Showing  Temperature  Vaxiation  with.  Transformer  under 

Full  Load, 

Test  made  May  24,1905. 

Barometer  in  Intake  29. .S3  in.  In  Duct,  (no  cooling  air) 

29.30  in., (air  on)  29.52  in, 

Paychrometer  -  Wet  69.5°F.-  Dry   80,5°F.   Hujradity   57.0  <^. 

Iron  Temx-.-Res.    Iron  Air  Temp.    Side     Av,   Temp  Temp 
Time  Res.      Temp.  Iron  TemV'     at        at        at     Side     at       of 
ohjus     Rise  Temp  Ther.  Left  Cent  R'ht  Temp  Top     Room 

8  30  10.33  0.0  30.0  30.0  28.8  29.2  28.4  28.8  28.5  28.0 
8.45  10.50  4.2  34.2  34.0  31.8  32.0  30.6  31.5  30.6  28.8 
9.00  10.67  8.2  38.2  37.6  34.6  35.0  33.5  34.4  33.5  29.4 
9.15  10.85  12.4  42.4  41.7b37.7  37.0  36.2  37.1  37.0  29.5 
9.30   11.00    15.7   45.7    45.3   40.4   39,6    38.5    39,5   39.6    28.7 

9  45  11.16  19.2  49.2  49.4  42,6  42.5  40.8  42.0  41.0  30.0 
10.00  11.32  22.5  52,5  53.3  45.0  43.5  42.1  43.5  42.6  30.2 
10    15    11.48   25.8    55.5    56.9   46.9    44.0   43.9    44.9   44.0    30.5 

10  30  11.64  29.0  59,0  60.2  48.8  46.5  45.2  46.8  46.5  30.2 
10.45    11.65    29.2    59.2    61.2    49.3   48.2    48.5   42.0   47,3    30.3 

11  00  11.44  25.0  55,0  60.3  48.8  50.5  44.7  48.0  44.3  30.4 
11.15    11.42    24.6    54.6    61.0   48.2    50.0   44.3   47.5   42,8   30.9 

11  30  11.43  24.8  54.8  61.3  47.8  49.5  44.2  47.2  41.7  31.4 
11.45    li;44   25.0    55.0   61.6   47.6    49.4  44.2    47.1   41.2    31.3 

12  00  11.45  25.2  55.2  61.8  47.5  49.4  44.2  47.0  4tU0  31.6 
^2  15  11  45  25.2  55.2  61.9  47.4  49.1  44.1  46.9  41.0  32.0 
12  30  11.45  25.2  55.2  62.0  47.2  49.0  44.0  46.7  40.7  32.3 
12.11   ii:l4   25.0    55.0    61.9   47.2    49.0   44.1    46.8   40.9    32.4 

1.00  11.44  25.0  55.0  61.9  47.2  49.0  44.2  46.8  41.0  32.9 
r.l5    11.45    25.2    55.2    61.3    45.6    47.5    42.8   45.3    38.8    32.2 

1  30  11.29  21.9  51.9  58.6  43.8  45.2  41.8  43.6  38  2  32.5 
1.45  11.27  21.5  51.5  58.3  44.0  45.4  41.9  43.8  38.0  33.2 
8  00  11.26  21.3  -51.3  58.0  44.1  45.4  41.9  43.8  38.2  33.7 
2.15    11.26    21.3    51.3    58.0   44.2    45.5   41.9    43.9    38.4   33.7 

2  30  11.26  21.3  51.3  58.0  44.2  45.4  41.9  43.8  38.3  33.7 
2.45  11.26  21.3  51.3  58.0  44.1  45.5  41.9  43.8  38.5  33.5 
^  V^n  11  9«  91  '^  51  3  58.0  44.0  45.3  41.9  43.7  38. b  ^-^.u 
^?S  1^?^  II  Q  52  8  57  2  43  2  45.0  41.2  43.1  36.8  33.3 
l'\n  ]^  ^l  ?9'1  ll'l  55  4  41  4  42.1  39.6  41.0  36.0  33.3 
^i?  IMi  ll'l  til  111  41  5  42.4  39.7  41.2  36.4  33.5 
4*00  ll.lt  18:7  tl'.l  55:0  41.6  42.3  39.7  41.2  37.0  33.5 
tl5  11  14  18.7  48.7  54.8  41.6  42.5  39.0  41.2  37.2  33.7 
l.ZO   11.14   18.7    48.7    54.8   41.6    42.6    39.6   41.2    37.5   33.8 


Da-ta 
Showing  Temperature  Variations  v»ith  Trajis  former  under 
Full  Load,  fcontinued) . 

Direct  Current  reaiiinga  -  4000  amperes  -  240   volts. 
Alternating  Current  readings  -  1100  K.  V'.  -  9000  volts. 
Headings  in  Duct, 
Time  Temp.  Degrees  C.        Barometer 

8.30  36,1  29.30 

10.30  26.5  29.52 

12,00  26.9  29.52 

1.15  27.1  29.52 

Changes  in  Size  of  Orifice. 
8.30  to  10.45, zero  opening. 
10.45  to  1.00,1-1/8"  X  24". opening. 
1.00  to  ,3.00,2-1/4"  X  24"  opening. 
3.00  to  4.30,4-1/2"  X   24"  opening. 
Rise  in  Temperature  of  Secondary  Copper. 
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Commutator  rise  after  run  67.2  C. 
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The  rotiiry  v.as  kept  at  tiie  load  determined,  upon, 
by  means  of  the  direct  current  sivitchboard  airiineter.  Ther- 
mometer readinjis  ^vere  taken  every  fifteen  minutes  at  the 
following  points;  three  places  on  tiie  side  of  tlie  trans- 
former; on  tiie  transformer  iron;  at  t}ie  top  of  tiie  trans- 
former; in  the  duct  and  in  tlie  room.  At  intervals  of  about 
tv,o  hours  during  tlie  test  the  machine  vvas  shut  down,  and 
the  resistance  of  a  coil  of  the  transformer  secondary  was 
measured  by  connecting  it  in  series  v.itii  a  lamp  rack,  be- 
t--*een  the  positive  station  bus  ana  the  transformer  neutral. 
The  current  through  the  coil  anu  the  urop  over  it  were 
measured,  ana  thus  the  resistance  ..as  calculatea.  Prom 
the  change  in  resistance,  the  rise  in  temperature  of  tiie 
seconitar^/  copper  could  be  determined.  These  readings  were 
not  entirely  sucessful,  since  tjie  inductance  of  the  coil 
made  the  pressure  reading  very  slo.,  in  coming  to  constant 
values. 

In  the  first  part  of  the  full  loaa  test  the  trans- 
former was  run  without  anj^  cooling  air  for  two  hours  with 
a  resulting  rise  which  was  v/ell  vvithin  the  specifiea  limit 
of  40  C.  as  is  sho^Ti  on  the  data  sheet. 

If  this  sort  of  a  test  ■■,ere  to  be  performed  again 
it  could  be  carried  on  much  more  successfully  if  the  gates 
were  aispensed  v.ith  entirely.  The  opening  could  then  be  cal- 
ibrated as  it  stands  vvith  various  conditions  of  ouct  pres- 
sure, making  these  variations  by  changing  the  blov.er  speea. 


^ 


In  tJiis  way  all  leakage  would  be  avoided  and  actual  running 
conaitions  be  obtained,  and  froi';  tiie  results  the  exact  size 
of  t)ie  blowin^j  equipment  would  follovv. 

A  test  on  tiie  blo>.er  was  x.iaae  v.ith  this  ena  in 
view,  but  t]ie  leakao:e  mentionea  prevents  the  direct  applica- 
tion of  these  results,  altliou^h  in  thernselAres  tney  are 
quite  interestinfei'.  The  test  -.^as  mad.e  by  inserting  a  lamp 
rack  as  a  variable  resistance  in  the   armat\ire  circuit  of 
the  blov.er  motor,  in  oraer  to  vary  its  speed  v.ithin  a  wide 
range.  The  gates  -vere  set  for  one  quarter  opening,  and  the 
Pitot  tubes  placea  in  such  a  position  that  from  the  gauge 
reaaings  and  the  quarter  opening  calibration  the  velocity 
ana  quantity  of  air  passing  through  could  be  determined. 
Readings  v.ere  maae  of  the  o.raft  gauge,  temperature,  and 
barometric  pressure  in  ant.  out  of  the  duct;  and  the  speed 
and  po--.er  consujuption  of  the  blower.  The  accompanying 
data  and  curves  of  this  test  show  tiie  variation  of  the 
quantity  of  air  with  the  speea  of  the  blower,  with  the 
static  pressure  of  the  auct,  ana  with  the  kilo-watt  con- 
sumption. An  interesting  feature  was  notea,  when  both  blovvers 
were  run  together,  one  having  a  slightly  greater  aiuoixnt  of 
power  aelivered  to  it,  aud  hence  creating  a  greater  pressure, 
thus  forcin.i  the  air  backwards  against  the  fans  of  the  other 
blov»er,  with  the  result  that  the  static  pressure  of  the  duct 
and  the  qiaantity  of  air  delivered  was  less  than  when  one 
motor  v/as  running  alone. 


Data. 

for  the 

Test  on  Blo..er  jjr   1,  General  Electx'ic  Motor  ;.;  81P.77, 

Class  4  -  35  H.P.-  600  R.P.M. 

Test  made  Ma:;-  26,1905. 

Gates  at  Oyie   Quarter  Opening,  9"  x  24". 

Temperature  in  Intake  lO.l'^C.  In  Duct  14.9°C. 

Barometer  in  Intake  39.62  in. 

Psychrometer  -  Wet  55.9°F.-  Dry  61.9°C. 

Fields  -  240  Volts  -  1.7  Amperes  -  0.4  Kilo  VJatts. 

Constamt  for  Air  Readings  67.6. 

Motor  Arma.  Total  Total  Bar.  Bar.  Oz . per  Vel.  Cor.   Av.   Av. 
RB'I  Volts  Amps.   ?:.W.  Duct  Dif.  Sq.In.  Head  Val.  Vel.  Quan 

17.4  2.2    29.67  .05  .392  .120   23.4   18.7  28.0 

21.1  3.0   29.68  .06  .471  .160   27.0   21.5  32.3 

24.9  3.9    29.70  .08  .628  .320   31.7    25.3  37.9 

28.7  4.9    39.72  .10  .785  .255    34.1    27.2  40.8 
31.1  5.5    29.73  .11  .863  .290   36.4   29.0  43.5 

52.8  12,8    29.82    .20      1.570      .560    50.6  40.3    60.5 
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